Introduction
Hydrocephalus is an accumulation of excess cerebrospinal fluid (CSF) in the ventricular system of brain because of an increased secretion, defective absorption, or disturbances in CSF circulation. The most significant contribution to the treatment of hydrocephalus was made by Nulsen and Spitz, 1 who in 1952, first performed the valve-regulated shunt system to prevent the reflux of venous blood. In 1908, Cushing 2 first performed the ventriculoperitoneal (VP) shunt, but that did not gained popularity until after the publications of the work by Scarff 3 in 1963. VP shunt placement is a relatively common neurosurgical procedure performed for the treatment of hydrocephalus. One of the principal complications associated with the use of these devices is infection, with infection rates ranging from 1.5 to 38%. Age seems to be an important risk factor, with neonates and young children frequently affected. Shunt infection leads to severe morbidity for the patient. Of even greater concern is the infection-related mortality, with rates up to 20% reported in the literature.
Although several authors have adopted several protocol and reduced the incidence of shunt infection. Considering the morbidity, mortality, and the financial burden in treating shunt infections, there is a need to evolve a strategy to prevent shunt infection completely and to bring the incidence to 0%. spinal dysraphism, normal pressure hydrocephalus, postmeningitic hydrocephalus without active meningitis were included.
Exclusion Criteria
Immunocompromised patients with hydrocephalus, hydrocephalus associated with active meningitis, patients having skin diseases, patients with focal sepsis.
The patients were divided into the following two groups:
Group 1: VP shunt was done based on protocol to reduce shunt infection. 
Follow-Up
All these patients were followed up by phone interviews and out-patient reviews for signs and symptoms of shunt infection. 
Diagnosis of Shunt Infection

Treatment of Infection
The treatment options for shunt infection are as follows: The removed shunt tube was subjected to culture and sensitivity. CSF sample was also taken for biochemical analysis, culture, and sensitivity and cytology. Blood culture, urine culture, widal test, peripheral smear for malarial parasite, chest X-ray was done to rule out other causes for fever. Conservative treatment includes treatment with antibiotics covering gram positive, gram negative, and anaerobes such as crystalline penicillin, gentamicin, and metronidazole.
Results
In group 1, comprising 80 cases, for whom the shunt was done based on the protocol, none of the cases were infected.
In group 2, comprising 406 cases, where the protocol was not followed while doing the shunt, 22 cases got infected between 13 days and 1year. The details about various steps in the protocol and their contribution to the incidence of shunt infection are shown in ►Table 1.
In the group II comprising 406 cases, where the protocol was not followed while doing the shunt, 226 were males and 180 were females. Overall, 270 cases were not operated as a first case in the operating list, the shunt tube was immersed in saline in 368 cases for checking the valve, the shunt was done as an emergency procedure in 176 patients, history of shunt was present in 14 of the patients, pre-op antibiotics was not used in 393 patients, intermediate skin incisions were used in 7 patients, and the duration of surgery lasted for more than an hour in 5 patients.
In a group of 270 patients where shunt was not done as a first case, 14 patients got infected (5.1%). Of the 368 patients, whose shunt tube was immersed in saline, 15 patients got infected (4.07%). Of the 176 patients operated as emergency, Majority of the shunt infections were seen in aqueductal stenosis, followed by tumor-associated hydrocephalus. Posthemorrhagic and postinfective hydrocephalus comes next in the list. Two cases of myelomeningocele-associated hydrocephalus got infected.
Of all the infected cases, three patients were managed conservatively with antibiotics, three patients were managed with shunt removal only as they were shunt independent, the remaining 16 patients were managed with fresh shunt after removing the infected shunt and controlling the infection.
On subjecting the removed shunt tube for culture, Staphylococcus aureus, Staphylococcus epidermidis, and Escherichia coli was grown in three cases, respectively. Rest of the cultures were negative.
The antibiotics used to treat shunt infection were crystalline penicillin, gentamicin, and metronidazole. In some patients, cefoperazone sulbactum and piperacillin were also used based on culture and sensitive reports.
In a group of 80 patients, for whom shunt was done based on the protocol none of the cases got infected (►Fig. 3).
Stastical Analysis
Stastical analysis was done with independent sample test and chi-square test (►Tables 2-4).
For shunts which have not been done as a first case, there is a statistically significant difference between controls and patients groups (p ¼ 0.000) < (p ¼ 0.05).
For the patients where the shunt system was immersed in saline, there is statistically significant difference between controls and patients groups (p ¼ 0.000) < (p ¼ 0.05).
For shunts done as an emergency procedure, there is statistically significant difference between controls and patients groups (p ¼ 0.000) < (p ¼ 0.05).
For patients who already underwent shunt surgery, there is no statistically significant difference between controls and patients groups.
For the use of perioperative antibiotics, there is statistically significant difference between controls and patients groups (p ¼ 0.000) < (p ¼ 0.05).
For patients where an intermediate skin incision was used, there is no statistically significant difference between controls and patients groups (p ¼ 0.238) > (p ¼ 0.05).
For patients where the duration of surgery lasted for more than an hour, there is no statistically significant difference between controls and patients groups (p ¼ 0.319) > (p ¼ 0.05).
Discussion
Thus, from the earlier study, it has become clear that by following meticulous surgical technique, the shunt infection rate has been reduced to 0%. The majority of shunt infections are observed within 2 months of its insertion and are a result of probable direct contamination at the time of its insertion. In accordance with data in other reports in which the infection rate ranged from 3.8 to 27%, the infection rate was 5.4% in our Institute. After introduction of this new strategy, the infection rate was reduced from 5.4 to 0%. In agreement with other studies, more than one-third of the infections occurred in children younger than 1 year of age and on the contrary none of the neonates got infected. For patients undergoing multiple shunts, the infection rate increased from 5.4 to 14.28%. This is supported by other studies by George et al 5 and Meirovitch et al. 6 In accord with the report of George et al, the experience of the surgeon is the most important factor in the reduction of shunt infection rates, we also believe that shunt procedure should be performed only by an experienced surgeon. In various literatures, 70 to 75% of shunt infections were caused by S. epidermidis and 20 to 25% of infections were because of S. aureus, but in our study, most of the cultures were negative. Regarding the use of prophylactic antibiotics, there is zero infection in the group where perioperative antibiotics were used. On the contrary, 5.4% infection occurred in the group where no perioperative antibiotics were used. Haines and Taylor, 7 despite demonstrating the reduction in infection with the use of prophylactic antibiotics, were unable to show a statistically significant reduction. We routinely use the prophylactic antibiotic at the time of induction. On the contrary to various studies, most of the shunt infections are seen in patients with aqueductal stenosis than those having associated myelomeningocele. Of all the steps described in our protocol, prolonged duration of surgery, using intermediate skin incisions and patients who already underwent a shunt poses an increased risk of developing shunt infection in the range of 20%, 14.28, and 14.28%, respectively. The use of preoperative antibiotics and doing shunt as a first case in the operative list significantly reduces the incidence of shunt infection.
The chart comparing the incidence of shunt infection in various studies is shown in ►Table 5. Thus, from this study, it is clear that attention to detail and meticulous surgical technique are important if a high rate of shunt infection has to be avoided. This has important implications for the obvious and hidden costs for treating repeated shunt infections in our patients.
Conclusion
The following conclusions were derived from this study. The shunt infection can be brought to 0%, by observing a simple, practicable protocol (modified from the one suggested by Choux et al 1992 4 ).
In the group, where the protocol was not followed, it is observed that prolonged surgery, use of intermediate skin incision, and previous shunt surgery contribute to increased risk of shunt infection (ranging from 14 to 20%). Immersion of shunt tube in saline before its insertion, nonusage of perioperative antibiotics also contributed to increased risk of shunt infection, though to a lesser degree.
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